Background: The seasonality of influenza is thought to vary according to environmental factors and human behavior. During winter holidays, potential disease-causing contact and travel deviate from typical patterns, and we aim to understand these changes on age-specific and spatial flu transmission.
Introduction
regions, specifically across zipcodes sharing the first three digits (zip3) in the United States ( Figure  S2 ). Analysis of viral surveillance data on influenza-positive laboratory confirmations verified that 124 influenza was indeed circulating around the Christmas holiday for each season in our study period, 125 so decreases in ILI and R t may be attributed to influenza dynamics; similarly, we did not investigate 126 Thanksgiving holiday dynamics because influenza circulation was quite limited during this period 127 ( Figure S3 ). 128 We also examined weekly ILI medical claims for school-aged children (5-19 years of age) and 129 adults (20-69 years of age) from November through January. Across the eight flu seasons, both 130 children and adults experienced temporary declines and recoveries around the Christmas holiday 131 ( Figure 2A ). However, the changes in incidence patterns were not synchronous in the two age groups, 132 with adults experiencing a reduction only after the holiday. To examine the differential impact on 133 the two age groups, we examined relative risk of ILI activity between children and adults. We 134 observed that risk of disease was shifted towards adults during and after the holiday, and that these 135 dynamics coincided with the temporary reductions in flu activity and flu transmission ( Figure 2B ). 136 We posit that these patterns may be driven by altered interaction patterns due to children being 137 home from school or families (rather than business travelers) traveling for the holidays.
138
To investigate the spatial patterns of influenza spread during the holiday period, we characterized 139 the peak timing and synchrony of ILI reports across zip3s in the medical claims data. We observed 140 that the timing and variation of seasonal influenza peaks across zip3s in the United States is compa-141 rable for most seasons, occurring an average of five weeks after the holiday period; the early 2003-04 142 is an exception with the holiday period occurring after the epidemic peak in a majority of locations 143 ( Figure 3A) . Additionally, the distribution of incidence across zip3 areas showed little variation from models with holiday-associated behavioral changes to a baseline model, where no behavioral changes were implemented. The holiday models implemented behavioral changes as follows: 1) increased 155 fraction of child travelers and changes to travel volume and connectivity, according to data on 156 altered holiday travel patterns ("travel"), 2) reduced overall number of potential disease-causing 
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Figure 5: Holiday-associated behavioral changes delay peak timing and increase the synchrony of epidemics across locations in model simulations. A) Distribution of time steps (days) to peak across all metro areas, averaged across all model runs. Distributions across metros are compared for the baseline, travel only, contact only, and full holiday models, and the holiday period is demarcated by the horizontal black lines. B) Distributions of flu incidence across all metro areas averaged for the two week durations defined as 'before', 'during', and 'after' the holiday periods, averaged across all model runs. Distributions are compared for the baseline, travel only, school closure only, and full holiday interventions.

